Human serum was fractionated by ultracentrifuging and the non-specific inhibitory activity for the togaviruses, Japanese encephalitis virus and rubella virus, was found chiefly in the very low density lipoprotein (VLDL) and low density lipoprotein (LDL) fractions. The specific inhibitory activity per mg protein or lipid of each lipoprotein fraction was greater for Japanese encephalitis virus. Japanese encephalitis virus was significantly more sensitive to VLDL than LDL whereas rubella virus was equally sensitive to either.
The haemagglutination of certain togaviruses is inhibited by substances in normal human serum other than specific antibody. Information on the nature of these non-antibody or non-specific inhibitors (NSI) is inconsistent and the inhibitor of arbovirus haemagglutination has been variously reported as due to phospholipids, lipids including artificial mixtures of lipids (Porterfield & Rowe, I96O; Salimen, 1962; Gorman, I97O) and fl or low density lipoproteins (LDL) (Nicoli & Acker, 1965; Bidwelt &Mills, I968) . Information on the nonspecific inhibitor of haemagglutination by rubella virus is more consistent and it has been recorded as a/Mipoprotein (Feldman, 1968; Laufs & Thomssen, I968; Haukenes & Aasen, 1971 ; Chang & Weinstein, 1972) . More recent studies by ultracentrifuging and gel filtration showed the inhibitor to be a low density lipoprotein with galactosamine as the probable prosthetic group (Shortridge, Biddle & Pepper, I972) .
In an attempt to define the nature of these inhibitors we have fractionated human serum by ultracentrifuging and compared the inhibitory activity of each fraction against haemagglutination by Japanese encephalitis (JE) virus, a Group B arthropod borne togavirus, and rubella virus, a non-arthropod borne togavirus. JE virus is an important human and animal pathogen in the Oriental Region.
Serum was prepared from blood drawn from normal healthy male or female donors after fasting for at least 12 h. The freshly prepared serum was adjusted to a density of 1.2I g/ml by the addition of solid KBr (E. Merk AG, Darmstadt, Germany) and subsequently ultracentrifuged at 4oo00 rev/min (Type 65 rotor, Beckman, Fullerton, California, USA) for 48 h at IO °C. The centrifuged serum separated into two fractions: (i) an upper layer containing lipoproteins of density (d) ~< 1.2I g/ml, and (ii) a lower layer containing other serum proteins of d > 1.21 g/ml. Each layer was removed and dialysed against a o.oi M-tris HC1 buffer solution, pH 7"4, containing o"19 M-NaC1 and o.I mg/ml EDTA. From the upper layer three major classes of lipoproteins, very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL) were isolated by sequential flotation at the density intervals of d < I.oo6 g/ml, I.oo6 g/ml < d < I-O63 g/ml and I-o63 g/ml < d .< 1.2I g/ml, respectively (Hatch & Lees, 1968) . The lipoprotein fractions thus obtained were dialysed against the above buffer solution and then tested as below for activity in inhibition of haemagglutination. On electrophoresis each lipoprotein fraction migrated in agarose as a single lipoprotein band (Hatch et al. 1973) Duplicate measurements of protein or lipid concentrations were within 5 % and were averaged.
Comparisons for different classes of human serum lipoproteins of the activities in inhibition of haemagglutination by Japanese encephalitis virus (JEV) and rubella virus
Tests for inhibition of haemagglutination (HAI) by JE or rubella viruses were performed as described by Clarke & Casals (2958) and Liebhaber (I97O), respectively, with vol. appropriately reduced to Ioo #1 final vol. for microtrays. Doubling dilutions of inhibitor in 25 #1 vol. were challenged with four agglutinating doses per 25 #1 of the Nakayama strain of JE virus (kindly provided by Dr Akira Oya, NIH, Tokyo) or rubella virus antigen, Baylor strain (Grand Island Biological Company, Santa Clara, Calif., USA). Gander erythrocytes 0 % v/v) were found to be the most sensitive red cell species. Titrations were performed in duplicate and in each case yielded identical results. The inhibitory activities of the VLDL, LDL and HDL fractions were all removed completely by treatment with kaolin and were therefore considered to contain only non-antibody inhibitors. After kaolin treatment the serum fraction of density > 1.2~ g/ml contained inhibitory activity against rubella virus but not against JE virus; this indicated an inhibitor due to antibody and this portion was not investigated further.
The results summarized in Table 1 show that inhibitory activity was found in the VLDL and LDL fractions, with JE virus more sensitive than rubella virus. Weak inhibition was observed also with HDL fractions and was again greater against JE virus. However, the contribution of HDL to the overall inhibitory activity was slight for both viruses. When expressed per mg of protein, VLDL was 6 times more active than LDL against JE virus, and 3 times more active when expressed per mg of lipid. The results were less consistent with rubella virus.
Thus, we have shown that VLDL and LDL inhibit the haemagglutination of two different togaviruses, Japanese encephalitis virus and rubella virus. We are now studying the role of lipid and protein in mediating this non-antibody union with virus.
